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The Wide-Range Achievement Test-Third Edition (WRAT-3; Wilkinson, 1993) was developed for the assessment of scholastic achievement level in children and adults. The Reading subtest, due to its measurement of reading aloud irregularly spelled words, has been applied as an estimate of premorbid intelligence (Lezak, Howieson, & Loring, 2004) . More recently, it has been used to estimate education quality, based on the utility of such reading tests in the assessment of literacy levels among multiethnic samples (Cosentino, Manly, & Mungas, 2007; Manly, Jacobs, Touradji, Small, & Stern, 2002 ). In fact, literacy level, as measured by WRAT-3 Reading performance, is a better predictor of memory decline than total years of education (Manly, Touradji, Tang, & Stern, 2003) . The utility of the WRAT-3 Reading test to estimate literacy or premorbid intelligence, though, is reliant on its stability across evaluations. According to the WRAT-3 manual (Wilkinson, 1993) , a standard error of measurement score equal to 5 is appropriate for use with either the blue or the tan WRAT-3 Reading subtest form. Similarly, research examining WRAT-3 Reading performance in adults across clinical and nonclinical samples indicates reasonably stable performance at varying test-retest intervals (McCaffrey, Duff, & Westervelt, 2000) . One exception was Johnstone and Wilhelm's (1996) finding that, for individuals with acquired cognitive dysfunction whose cognitive abilities improve, the mean WRAT-Revised (WRAT-R) Reading score also improved. These authors noted substantial variability in reading score over time, recommending cautious interpretation of the WRAT-R or WRAT-3 as an estimate of premorbid ability. Additionally, previous investigations of reading ability in individuals with dementia revealed decline (Storandt, Stone, & 2 ASHENDORF ET AL. LaBarge, 1995; Taylor et al., 1996) . Therefore, it is important to establish whether the WRAT-3 Reading subtest is a reliable measure for estimating the education quality or premorbid intellectual functioning of aging adults with normal cognition, preclinical dementia, and clinical dementia.
In the present study, the stability of WRAT-3 Reading subtest performance was examined by comparing two serial neuropsychological evaluations conducted one year apart. We hypothesized that individuals diagnosed with possible or probable Alzheimer's disease (AD) would display greater variability in WRAT-3 Reading raw or scaled score than would cognitively normal adults and those with mild cognitive impairment (MCI).
METHOD

Participants
All study participants were enrolled in the Boston University Alzheimer's Disease Core Center (BU-ADCC) patient/control registry, which longitudinally follows older adults with and without memory problems. Sample characteristics have been described in detail previously (Ashendorf et al., 2008; Jefferson et al., 2006 Jefferson et al., , 2007 . Briefly, inclusion criteria require that participants be community dwelling and English speaking, and that they have a study partner (to provide collateral information about functioning). Exclusion criteria include a history of major psychiatric illness (e.g., schizophrenia or bipolar disorder), other neurological illness (e.g., stroke or epilepsy), or head injury with loss of consciousness. The results of two consecutive annual evaluations (mean interval between evaluations = 13.9 months, SD = 2.8) were used for each participant in this retrospective study. Potential cases were only included if two consecutive evaluations were conducted and if the WRAT-3 Reading subtest was completed on both occasions.
Archival data were obtained from 378 participants (61% female, 83% White) with a mean age of 71.7 years (SD = 8.7) at the baseline evaluation. Participants included 200 individuals diagnosed as cognitively normal controls defined as having all cognitive performances within the normal range and a Clinical Dementia Rating (CDR; Morris, 1993) Global Score of 0.0. A total of 73 participants met Petersen (2004) criteria for MCI at the baseline evaluation and were labeled "probable MCI" based on a decline from previous level of functioning, lack of dependence in instrumental activities of daily living, cognitive complaint by the participant or study partner, and objective impairment in one or more cognitive domains (i.e., neuropsychological performance ≥1.5 standard deviations below normative data; Jefferson et al., 2007; Jefferson et al., 2008a Jefferson et al., , 2008b ). An additional 64 participants met the above criteria but did not have a cognitive complaint by self or study partner and were classified as "possible" MCI. CDR Global Scores for this group were either 0.0 or 0.5. The AD sample included 41 participants meeting NINCDS-ADRDA (National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association) criteria for probable (n = 21) or possible (n = 20) AD (McKhann et al., 1984) . CDR Total Scores for this group were either 1.0 or 2.0.
Procedure
The WRAT-3 Reading subtest was administered as part of a comprehensive, single-session neuropsychological test protocol. The local Institutional Review Board approved data collection efforts, and all participants provided written informed consent prior to testing.
Data analysis
Descriptive statistics or frequencies were calculated on all demographic variables (i.e., age, education, sex, and race). The one-year stability of the WRAT-3 Reading subtest raw scores (using Pearson correlations) was calculated in three forms: for the entire sample; separately for the three subgroups (i.e., control, MCI, AD); and for the three subgroups based on race. Reliable change indices (RCIs) that consider practice effects with 90% and 95% confidence intervals were calculated for the entire sample (Temkin, Heaton, Grant, & Dikmen, 1999) . The RCI is a prediction measure that allows the clinician to distinguish a score that is statistically unchanged over time from a score that represents "true" change in performance, in either direction.
The WRAT-3 Reading raw scores from both visits were converted to scaled scores for each participant using normative data (Wilkinson, 1993) . For individuals over age 74 years, the available norms for ages 65-74 years (i.e., the highest published age bracket) were used, as recommended by Manly and colleagues (2002) . These scaled scores were used to assign range classifications (e.g., 90-109 = average, 110-119 = high average; Wilkinson, 1993) . Participants whose WRAT-3 interval change resulted in assignment to different classification groups on their first and second visits were identified, and the frequency of conversion to a different scaled score range was compared with diagnostic conversion.
RESULTS
Sample characteristics
Baseline descriptive statistics are provided in Table 1 for the entire sample and each diagnostic subgroup. There was an association between age and education level, r = -.138, p = .007, such that older individuals tended to have fewer years of formal education, as we have previously reported (Jefferson et al., 2007) . There was no sex effect on age. Non-Hispanic Caucasian participants (mean age = 72.3, SD = 8.3) tended to be older than African-American participants (mean age = 68.5, SD = 9.8), t(81) = 2.9, p = .005.
The age range of the control group was 55 to 102 years (mean = 71.6, SD = 8.5), and the mean Mini Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975 ) score was 29.3 (SD = 1.0). A total of 73 (37%) of these participants were men. At a one-year follow-up evaluation, 35 (18%) of these participants were diagnosed with MCI.
The combined MCI sample (n = 137) ranged in age from 49 to 101 years (M = 70.0, SD = 8.3), and 42% (57 participants) were men. The mean MMSE was 28.4 (SD = 1.7). At the one-year follow-up, only 5 of these participants (4%) had converted to AD, all of whom had met full Petersen (2004) criteria for MCI at the initial evaluation. An additional 34 individuals (25%) were reclassified as cognitively normal controls at the second evaluation, 22 of whom (65%) had initially been classified as possible (versus probable) MCI.
The AD patients had a mean age of 77.8 years (SD = 7.8; age range = 60 to 101). A total of 44% were men. The mean MMSE score for this group was 23.4 (SD = 3.1). A total of 5 of these participants (12%) were identified as reverting to MCI at the annual follow-up visit.
The diagnostic groups differed with respect to race, F(2, 375) = 3.8, p = .023, as the MCI group included a higher proportion of African-American participants than did the other two groups. There was also an effect of age, F(2, 375) = 13.8, p < .001, as the AD group was older than the other two groups.
Hypothesis testing
As expected, the raw WRAT-3 Reading score differed by diagnosis, F(2, 375) = 34.0, p < .001, in the expected direction (i.e., control participants > MCI participants > AD participants). African-American participants performed more poorly than Caucasian participants as a group, t(69) = 5.6, p < .001; this discrepancy held across all three diagnostic groups (all p < .01). There was no difference in WRAT-3 Reading scores between men and women, t(376) = -0.6, p = .549.
The test-retest reliability of the WRAT-3 for the entire sample was .90 (p < .001). The stability for non-Hispanic Caucasian participants was .84 and for African-Americans was .96 (both p < .001). The reliability coefficients for control, MCI, and AD subgroups based on initial diagnosis were .81, .92, and .90, respectively (all p < .001; Table 2 ). Among those whose clinical diagnosis did not change at the second evaluation (n = 299), identical scores were found for 36 of 164 (22%) controls, 19 of 99 (19%) MCI participants, and 3 of 36 (8%) AD participants.
The 90% RCI confidence interval for WRAT-3 Reading raw scores among the control group fell between -3.84 to 2.84, while the 95% confidence interval ranged -4.48 to 3.48. As previously reported (Heaton et al., 2001) , reliable change within samples that are known to have clinical areas of impairment should not be evaluated on the same basis as findings among cognitively normal individuals. Consistent with this point, using the 95% confidence interval, 4% of those consistently identified as controls demonstrated abnormal Of the 378 participants in the overall sample, 280 (74%) had the same WRAT-3 Reading scaled score category label (e.g., "Average") at both testing sessions. This rate of consistency over time indicates that this categorical classification method yielded a relatively low reliability (Cohen's kappa = .541). Half of those whose classification changed (n = 49; 13% of entire sample) declined in standard score (SS), while the remaining half (n = 49; 13% of sample) improved. One individual improved by two labels (average, SS = 108, to superior, SS = 120). Of those who changed, the mean change in SS was 5.1 points (SD = 2.8; range 0-12). The frequency of change did not differ between Caucasian (26%) and African-American (27%) participants.
Of the 41 participants whose consensus diagnosis progressed (i.e., control to MCI or MCI to AD), 12 (29%) changed WRAT-3 Reading subtest category labels. A total of 12 (32%) of the 38 participants who reverted in diagnosis (i.e., MCI to control or AD to MCI) received a different WRAT-3 Reading subtest category label at the second evaluation. Of the 299 participants whose clinical diagnosis remained the same for both assessments, 74 (25%) changed WRAT-3 Reading subtest category labels. Among this group were 35 control participants (21% of all controls), 26 MCI participants (26% of all MCI participants), and 13 AD participants (36% of all AD participants; Table 4 ). Though some change could be explained by obtaining consecutive scores close to a cutoff (e.g., changing from SS = 111 to SS = 109), 16% of individuals with initial WRAT-3 Reading scaled scores who were not near such a cutoff still received a different label at the second visit (as opposed to 38% of those whose initial score was near a cutoff).
DISCUSSION
The WRAT-3 Reading subtest is often used in dementia evaluations as an estimate of literacy level or education quality, especially in multiethnic samples. The present study examined the testretest stability of the raw scores and the descriptive labels (e.g., average, low average). The raw scores Note. Standard deviations in parentheses. WRAT-3 = Wide Range Achievement Test-Third Edition; Time 1 = WRAT-3 Reading subtest score at the first visit; Time 2 = WRAT-3 Reading subtest score at the second visit; SD = standard deviation; MCI = mild cognitive impairment; AD = Alzheimer's disease. Diagnosis is based on the first of two consecutive, annual evaluations. *All p < .001. Note. Percentages in parentheses. Descriptive label: e.g., average, high average. WRAT-3 = Wide Range Achievement Test-Third Edition; MCI = mild cognitive impairment; AD = Alzheimer's disease. "Increased" refers to individuals whose increase in WRAT-3 Reading score from Visit 1 to Visit 2 raised their descriptive label (e.g., from average to high average). "Decreased" refers to those whose decrease in score corresponded to a lower descriptive label at the second evaluation (e.g., change from high average to average).
were found to have high stability among controls and patients and among Caucasian and AfricanAmerican participants. However, the WRAT-3 descriptive classifications (e.g., average, high average) changed in 26% of the sample, with a higher rate among individuals with AD (i.e., 36%). These findings confirm the test-retest stability of WRAT-3 Reading scores in dementia evaluations. Stability coefficients for all subgroups in the current study ranged from acceptable to high. Because the WRAT-3 Reading subtest has been recommended for use as a measure of literacy level among diverse populations (Manly et al., 2002) , we also established the test-retest stability for AfricanAmerican participants in particular. In fact, the stability coefficient was stronger among AfricanAmericans than Caucasians in this study, though the reason for this seemingly anomalous finding was unclear. This stability supports the psychometric integrity of the WRAT-3 Reading subtest in serial dementia evaluations within racially diverse populations.
The other main study outcome was finding that, in spite of the test's good one-year retest stability, only 74% of participants received the same descriptive classification for WRAT-3 Reading performance at both evaluations. One might expect small changes in scores near a "cutoff" (for example, scores near SS = 110, the "boundary" between the average range and the high average range) to increase the chances that a score would exceed the cutoff at follow-up, but this explanation does not appear to account for the findings in this study. Rather, the results demonstrated that, of the participants whose descriptive labels did change at follow-up, those participants initially furthest from a cutoff were actually more susceptible to changes than those nearer to the cutoff. This effect reflects subtle but clinically noteworthy fluctuations in raw scores between annual visits.
The present findings indicate that caution should be used when assigning descriptive labels to an individual's premorbid abilities or literacy level on the basis of WRAT-3 Reading scaled scores. While the general level of performance remains consistent (within 12 scaled score points from one assessment to the next for all participants), the probability of remaining within a descriptive category is lower than may be assumed by clinicians who use the WRAT-3 Reading subtest to describe a patient's premorbid ability level.
The present study is not without limitations. The AD group is relatively small in comparison to the other groups, in large part due to the fact that many of the registry's AD participants could not participate in formal testing. In addition, the groups differed on several demographic variables, including age (AD > controls > MCI) and race. The age difference may be explained by the fact that age is a strong risk factor for AD (Hebert et al., 1995) . The higher proportion of AfricanAmerican individuals in the MCI group may have occurred because diagnostic criteria for MCI are heavily based on neuropsychological test performances, which are known to differ between Caucasian and African American participants (Jefferson et al., 2007) .
In summary, the test-retest stability of the WRAT-3 Reading subtest suggests that, across clinical and ethnic subgroups, there is little change over a one-year test-retest interval. The task therefore seems appropriate for use in deriving a numerical value against which to compare actual cognitive performance to determine level of impairment. In addition to addressing issues pertaining to ethnic-minority performance in dementia evaluations, the WRAT-3 Reading subtest's use in studies of cognitive reserve is supported by the present results. However, the tendency to use categorical descriptors for an individual's particular premorbid baseline based on the WRAT-3 Reading subtest is not supported by these findings. As the new edition of the WRAT was recently published (WRAT-4; Wilkinson & Robertson, 2006) , it will be important for future investigations to address whether the research conducted thus far using the WRAT-3 to estimate literacy levels, including the present study, will generalize to the WRAT-4.
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